ABSTRACT
INTRODUCTION
Metal oxide semiconductor photocatalysts, mainly TiO 2 have generated high interest of chemists due to their potential in degradation of organic and inorganic pollutant in air or water [1] . There are several reasons using of TiO 2 as photocatalyst such as: high activity, chemical stability, non toxic, low in cost, commercial availability, non corrosive, etc [2] [3] . Usually, TiO 2 is used as thin film coated on the surface of fiber glass, steel plate, plastic and so on, in order to be recovered easily, however its photoactivity is highly decreased since the effective surface area of photocatalysts is decreased considerably. In the water and waste water treatment, TiO 2 has high specific surface area and good dispersion when it is used as powder or slurry but difficult in recycling for the next usage [1, 4] .
Recently, the demand of visible-light activated photo catalytic system increases rapidly; eventhough, the efficiency and availability of photocatalysts which can be activated by solar irradiation and indoor lighting is limited [2] . The majorities of current photocatalyst system use pure TiO 2 with a metastable anatase crystal structure or TiO 2 -modified. TiO 2 is active only under ultraviolet light (λ < 400 nm) since its wide band gap of 3.2 eV (for the crystalline anatase phase). TiO 2 utilizes less than 5% of solar spectrum and virtually none of light commonly used for indoor illumination [2, [4] [5] .
The attempts toward extending the photoresponse of TiO 2 to visible wavelengths are increasing exponentially every year. The most successful methods used to the development of modified TiO 2 for visible light photocatalysts are implantation methods using Cr or V ions [6] , deposit Ag on TiO 2 [7] , TiO 2 doped Ag [8] , doping nonmetals (N and P) [9] , doping metal oxide such as Fe 2 O 3 [10] [11] [13] [14] .
In this paper we report the preparation of magnetic nanoparticles photocatalysts TiO 2 -NiFe 2 O 4 that response to visible and solar light irradiation. These materials have magnetic behavior. Photocatalytic activity was determined by Rhodamine B degradation in aqueous solution under solar light irradiation.
EXPERIMENTAL SECTION

Materials
The materials used in this research were titanium isopropoxide (TIP) 97% (Sigma-Aldrich), Ni(NO 3 ) 2 
Instrumentation
The instruments used were X-ray diffraction (XRD Philips PW 1710), scanning electron microscopy (SEM JEOL JSM-6360LA), energy dispersive X-ray (EDX), vibrating sample magnetometer (VSM OXFORD 1.2H), and UV-Vis spectrophotometer.
Procedure
Preparation of magnetic TiO 2 -NiFe 2 O 4 nanoparticles
The magnetic TiO 2 -(x)NiFe 2 O 4 nanoparticles with x (mole fraction) values at 0.01, 0.1, and 0.3 were prepared using titanium isopropoxide (TIP) and nitric metal as precursors. Both of Fe(NO 3 ) 3• 9H 2 O and Ni(NO 3 ) 2• 6H 2 O was diluted into three types of alcohol (ethanol, propanol, isopropanol) to obtain 0.05 M nitric metal solutions. The solutions were heated at 65°C with constant stirring for 30 minutes. In order to increase the pH of the mixture to 6.5, NH 4 OH in alcohol 2 M was added into the mixture and followed by 10 mL aquadest that was added drop-wise. Then, the mixture was stirred for 45 min. A solution of TIP and alcohol was mixed in ratio 1 : 2 that was prepared separately was added drop wise to the mixture and stirring was continued for 90 min. The mixture was dried at 120°C for 24 h. Finally, the samples were calcined at 450, 500, 550, and 600°C for 3 h. The nanoparticles were characterized by X-ray diffraction (XRD Philips PW 1710), scanning electron microscopy (SEM JEOL JSM-6360LA), energy dispersive X-ray (EDX) and vibrating sample magnetometer (VSM OXFORD 1.2H).
Preparation of NiFe 2 O 4 nanoparticles
For ). After that, the solution was heated to 70°C for 1 h under vigorous stirring to allow evaporation to form a gel. Furthermore, the gel was dried at 120°C for 24 h. Finally, the dry gel was calcined at 600°C in a furnace for 2 h and cooled to room temperature. The obtained nanoparticles were characterized by XRD [13] .
Photocatalytic activity of magnetic TiO 2 -NiFe 2 O 4 nanoparticles
Photocatalytic activity of magnetic TiO 2 -(x)NiFe 2 O 4 nanoparticles with x = 0.01, 0.1, and 0.3 was determined by degradation Rhodamine B compound that exposed under solar light irradiation. Amount of Rhodamine B was dissolved in distillated water to get 5 ppm solution. Then, 0.02 g of TiO 2 -NiFe 2 O 4 nanoparticles was added to 20 mL of the solution and then the mixture was exposed under solar light irradiation for 1, 2, and 3 h. After that the mixture was separated by centrifuge and the absorbance of solution was measured by UV-vis spectrophotometer to obtain the degradation percentage of Rhodamine B.
RESULT AND DISCUSSION
SEM-EDX Observation
The microstructure of TiO 2 -(x)NiFe 2 O 4 were investigated by scanning electron microscopy (SEM) in order to observe the morphology of nanoparticles. Fig.  1 shows SEM images of TiO 2 -(x)NiFe 2 O 4 nanoparticles with x = 0.01 that calcined at 500°C using propanol as solvent. It can be seen that the particles uniform a small granules shape with a smooth surface in the size of range between 0.075 to 0.25 μm. These shapes are very beneficial toward photocatalytic properties due to the smaller particle size giving a larger surface area of catalyst and corresponding to increase the photocatalytic activity of particles. The small white particle is also observed in the Fig. 1 which is predicted as NiFe 2 O 4 doped into TiO 2 . In addition, there are also many pores observed in the image which could increase the catalytic activity. Fig. 2 shows SEM images of TiO 2 -NiFe 2 O 4 with x = 0.01 and the calcination temperature of 500°C with variation of solvent: (a) ethanol, (b) propanol, and (c) isopropanol. It can be seen that the surface of TiO 2 -NiFe 2 O 4 using the propanol solvent is more homogeneous and regularity in particle size compared with the other particles prepared by ethanol and isopropanol solvents. The particle sizes of the propanol solvent product are also smaller compared with the others.
The composition of elements in TiO 2 -NiFe 2 O 4 was analyzed by EDX and the results for x = 0.01 with 500°C of calcination temperature and propanol as solvent are shown in Fig. 3 . There are three elements Ti, Ni, and Fe observed in the sample with composition percentage 24.25, 0.04 and 0.25%, respectively. These results are in agreement with the calculation of each element of Ti, Ni, and Fe in TiO 2 -NiFe 2 O 4 . The particle size of TiO 2 -NiFe 2 O 4 was calculated by using Debye-Scherer formula. The results are 8.07, 9.68, 13.98, and 21.47 nm for the calcination temperature at 450, 500, 550 and 600°C, respectively. It means that the increasing of calcination temperature give increasing of particle size of the samples. 
X-ray Diffraction Analysis
Magnetic Characterization
The magnetic properties of TiO 2 -(x)NiFe 2 O 4 nanoparticles for x = 0.01 and 0.1 calcined at 500°C were measured by VSM and the results are shown in Fig. 6 . The magnetic properties of sample with x = 0.01 shows a soft interaction to the magnetic field applied. These indicate a weak interaction of spin magnetic in the sample and referred to the diamagnetic properties. On the other hands, the sample with x = 0.1 shows a stronger magnetic interaction indicated by the high of magnetization with the value 0.462 emu/g at 0.99 T magnetic field and the coercive and remanent value at -0.0061 T and 0.003 emu/g, respectively. These results correspond to the paramagnetic properties. It can be concluded that magnetization value of TiO 2 -NiFe 2 O 4 nanoparticles increases with increasing the concentration of NiFe 2 O 4 in TiO 2 . The catalysts containing magnetic properties gain profit due to easier The good activities are shown by catalysts calcined at 500 and 550°C with percentage degradation 89.34% and 85.39% for 3 h, respectively. However the sample calcined at 600°C show slightly decreasing of activities catalytic. This is in agreement with the transition of phase since the rutile phase initiated to form.
Influence the amount of metal oxide to the photocatalytic effect can be seen in Fig. 9 . At x = 0.1 gives a better photocatalytic effect than the x = 0.01 and x = 0.3. At concentrations higher metal oxides decreased percent degradation of Rhodamine B compound. This is due to the phase in TiO 2 -anatase in Compared the percentage degradation of Rhodamine B in Fig. 7, 8 , and 9, the percentage degradation in Fig. 9 is around 35% for 1 h and lower than the Fig. 7 and 8 both also in 1 h with the value around 75%. The different of these results can be predicted due to the intensity of solar light not equal in every day although treated on the same time.
CONCLUSION
In order to develop a photocatalyst that can work in the visible and solar light, TiO 2 -(x)NiFe 2 O 4 nanoparticles with x = 0.01, 0.1, and 0.3 have been synthesized by using nitric metal and titanium isopropoxide as precursors. The present of NiFe 2 O 4 can prevent the transformation of TiO 2 from anatase to rutile phases as the calcination temperature increased. SEM photographs showed the homogeneous particle shape with a uniform size of sample. The photocatalytic activities of TiO 2 -NiFe 2 O 4 toward degradation of Rhodamine B in aqueous solution under solar light irradiation are better than TiO 2 -synthesized. TiO 2 -NiFe 2 O 4 nanoparticles show magnetic behavior and allowing this material be recycled from the water for subsequent in use.
